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This commll tion wits designed to draw the atten f of prnctitioncrs to the
mixed culture agglu nation reaction as a Valuable supple cntary method of laboratory
diagnosis, for use in 'asvs of chronic dysentery and suspected carriers. Where a

poitvemi c( clt r i l tinat ion reaction is (;btalirl but bacteriological examination
gives negativeriextl it,in y be time to register thcegkrmonts concerned and to kee'p them
under observationt in intesti %Iliseases clinics./

CONCLUSIONS
(I) Ve examined dysentery 1). ients, cobvaescents, persons suffering from acute

intestinal diso a uspecte( e rier.using the )acteriological mlethod and the, mixed culture glt.ainraction; 'total of 2:171 examinations were made. Our
rc.mult.- indlicatedthtch mixed cu turoaa lutination reaction has no particular advant.

ages wheii used in cases of acute (vsetery. owever, this method reveals the dysentery
antigen 3-7 times mr;re often thali the bact iological method when used in camen of
chronic dysentery, on convalesco&st, or on suscteltcd carriers. .li the case of healthy
individuals, cultures from the faeces and the agglu *nation reaction were negative at all

(2) Long-term study 9lfowed that a large pcrcen' 0ge of the persons who gave a
,x %itive mixed culture iglutination reaction, but yaldt negative results in bacterio-
logical examinations, w'ere suffering from chronic dyscnter.

(3) We recomminqd that intestinal diseases clinics shoul keep a record of all those
who give a positivr'agglutination reaction, and should examine4hem by laboratory and
clinical methods/(sigmoidoscopy, etc.) over a period. Ohservatio should be continued
for not less thoh two months.

I\ Tranlo.ed by E. HiiMMOND

REFERENCES
BERNIIOF, F. G., Zh. inikrobiol., hpidemiol. immunobiol. No. 12. 62-64, 1944
BERN)(OF, F. G., Zh. inikroiiol., 6pidemiol. immunobiol. No. 4, 39-44, 1945

?: ,Wt G. n KYNIP . h irbo. pdmo.imnb.N.2 22\3, 1937
BE 'NiIOF, F. G., and SKRYNNIK, P. I., Zh. mikrobiol.. INpidemiol. iimunobiol. No. 1, 58461, 1939

4 ~ %TVINNIK, S. A., POPKOVA, N. F.. and SMIRDINA, E. A., Zb. mikrobiol. 6pidemiol. mmmunobiol.

STUDIES OF BOTULINUM ANTIGENS AND ANTISERA
BY ZONE ELECTROPHORESIS AND AGAR GEL

DIFFUSION*

IU. Z. GFNDON
Taranevieh State Control Institute for ;en and Vaccine.

(Receied 30 July 107)

0.z of the methods which cnables us to obtain cn le antigens of high concentration
with itisignificant traces of inert protein is the method of cultivation in cellophane sacs.

In the preparation of highly active purified preparations it is necessary to know their
antigenic structures and their fractions to be able to discriminate between active and

Zb. fulkrobiol, #pidEmIok. ImmanobloL No. . -100, 196 1ReprIt Oer No.: IUC 6241.
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' inert fractions, as this is of the greatest importance for the melectinn of the most rational
methods of purification and concentration.

In recent, years new and easily performed methods of studying tile fractional
j structure of toxins and antitoxins have been devised. Such methTds are for instance

zone electrophoresis, agar gel diffusion and the combination of thece two nthods,
immuno-electrophoresis.

The posilility of preparing active toxins by cultivation in cellophane sacs and the
importance of these methods, which enable us to study in detail the antigenic structure
and the fractions of toxins and antitoxins, can be particularly clearly demonstrated
if we use Chltridivn tulinum toxin as a model, as this is the most powe.rful of ili
known bacterial toxins.

It was our task above all to prepare botulinum toxins and toxoids of type A in
cellophane sacs to compare these prcparations with the umual toxins and toxoids and to
study the antigenic and fractional structure of toxins and antitoxins of type A, in onrcr
to detect the most active fractions.

In the beginning of our work we developed the method of cultivation in cellophane
sacSm it also studied the factors which might have an influence upon the growth and
toxin formation of Cl. botulinum.

The method of cultivation in cellophane sacs briefly consists of the following: into a
glass flask is placed a cellophane tube fixed on to a special glasswool-gauze plug. The
tube is filled with saline and the flask is filled with the nutrient medium; after sterilization
the organisms are inoculated into the cellophane sac and the whole system is placed into
the incubator.

The experiments were performed with C1. botulinum strain No. 98 of type A. In
the majority of cases liver broth containing 0.5 per cent glucose (pH 7.2) was used
as nutrient medium.

It was found that maximum toxin formation takes place on the fifth-sixth day
when the bacteria are cultivated in the usual way and on the eighth-ninth day when
the bacteria are grown in cellophane sacs. It was further found that the maximum toxin
formation and the autolysis of the bacteria coincided in time. Tho bulk of the exotoxin
enters the surrounding medium apparently only after the death and autolysis of the
bacterial cells. During the growth of the bacteria tile pH steadily decreases and the
lowest level was found at the peak period of toxin formation.

Study of 5.5 batches of toxin showed that toxins prepared in cellophane sacs were
10-40 times more active in regard to the Dim (mice) than ordinary toxins and they
contained up to 6 million Dim per ml, compared with 60,000-200,000 Dim per ml for the
usual toxins. The nutrient medium surrounding the cellophane sac contained no toxin.
In regard to the number of experimental doses per ml the 'cellophane toxins were 10-40
times more active than the usual toxins and contained 2000-10,000 experimental doses
per ml compared with 100-300 in the usual toxins. The toxins prepared in cellophane
sacs had high flocculation activity and flocculated within 25-30 min after the Ieginting
of the experiment, whereas no flocculation could be observed with the usual toxins when
the experiments were performed under identical conditions. In the ring precipitin test
the cellophane toxins produced a ring even in a dilution of I : 14-1 : 16, whereas the
usual toxins produced a ring only if they were undiluted. The ce!,ophanc toxins contained
approximately one-half the amount of amino and total nitrogen of the usual toxins.
When the Dim per mg N was calculated the toxins prepared in cellophane sacs proved
to be 37 times purer than the usual toxins.

The cellophane toxins were less stable than the usual toxins during storage for 12
.tonths in a refrigerator without preservative. The lower stability can possibly be
related to the higher pH level (6.8 in cellophane toxin and 5.8-6 in the usual toxins).
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C'ompa~rative situd3 ' of the concentration of toxins by vacuum drying, dialymis against
glycerol, ultrafilt rationi, mualting out with ammonium Hulphate and precipitation with
trichloroacetic avid showed that approximately eqjual degrees of concentration were
attained. Since the initin cellophatie toxins were much more active, their concentration
gave p~repaurationIs containing many moro Dim than preparations obtained by concen-
trat ion of' the uisual toxins.

Toxins prepared1 in cellophane sacs offer many adIvantages from the economic point
of view. This mlet hod enables us to obtain twice ag many Dim from the name amount of
nutrient medium than by the usual method. Also, the nutrient medium used for the
prothiction of cellophane toxin can he used1 once again for the preparation of toxin by
the usual ivithod. In our experimentsm we obtained from much a medium a bolutintum
toxin of type A containing 30,O,( ilm per ml.

The next part of the work was devoted to the comparative Study of the antigenic
structure of toxins grown by various methods and the corresponding antisera, using the
method of precipitation b~y diffusion in agar. The method used in these experiments4 was
briefly ais follows: 2 ml of 10/ agar mixed with antitoxic serum were poured into
a tuIbe of 5-6 mim diameter; this layer was covered by I ml neutral agar and after the
latter !i-id hardened the antigen was poured on to it-, the tubes were incubated or left at
room temperature and after a certain time rings of precipitate were observed.

It couldI be shown that in order to detect the maximal number of antigen fractions
in the serum the highest pomsible toxin concentration mnust be used, andl the corresponding
antiseruim must be employed in the optimal conce ntration, ensuring the formation of
the greatest number of precipitate rings. (In our experiments the optimal concentration
was 250-500 A.C. per mi of serumn agar.) The number of antigenic fractions found in
the toxins depended on the batch of toxin and antiserumn .8 well as on the method used
for purification and concentration. The highest number of fractions was found when
the toxin was reacted with serit purified and concentrated by the "Diapherm 3" method
devised in the Institute of Experimental Medicine, Academy of Medical Sciences of the
U.S.S.R.; somnewhat fewer fractions were found with sera purified an(1 concentrated by
combined dialysis, and much fewer fractions were observed if crude merum wax used.

Study of thle antigenic structure of the toxins by the agar gel diffusion temt showed
that the umual toxins contained 15 antigenic fractions, one of which corresponded to
the proteins of the nutrient medium; in the toxins prepared in cellophane sacs 14 anti.
genic fractions could be differentiated and the fraction corresponding to the proteins

j of the nutrient medium was absent. At least 5 antigenic fractinsi found in the toxins
were of inert nature; these were present in the cellophane toxins in much smaller amount
than in the usual toxins.

Study of the changes occurring in the antigenic fractions during purification and
concentration showed that precipitation with trichloroacetic acid secured a more com-
plete elimination of inert antigenic fractions from the toxin thakn salting out with
ammomnium sulphate.

To compare the fractions present in thc proteins of ustual and cellophane toxins and
in the corresponding antisera and to establish to which of the fractions the bulk of thle
toxigenic principle was~ attached, and which fraction of the antiserum carries the antitoxic
nnd preipitateti antibodies, we used the method of fractionation by paper electrophoresis.

The apparatus used for the electrophoreim', the method and the results obtained by
fractionation of normal sera from various animals and or antitoxic horse antiserum to
Cl. brA mdnum type A toxin were set forth in a previous paper (Zh. mikroibiol., 6pidenliol.
immimnobiol. No. 9,. 01, 1956).

Study of se"rate antiserum fractions by preparative paper electrophoresis showed
that in crude serum the antitoxin is mainly earried by the T-globulin fraction, and some
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nntitoxin was also, found in the y- and .globulins; in sent ptirified and concentrated

by combined dialysis the antitoxin was present in the Y- and to a lesser extent the

P.globulin fraction; in sera purified and concentrated by the Diaphermni methli the bulk
of the antitoxin was attached to the y-globulin fraction.

The content of precipitating antibodies in various antiserum fractions was esi imated

by iuio.etrophoresis in agar. This method consists in preliminary fractiinati-nu

of the serum by electrophoresis in agar, followed by diffusion and precipitation in agar

with an antigen situated parallel to the axis along which the antiserum had Inn fraction-

ated. The reaction leads to the formation of precipitate ares: lincs drawn from the( top

of each are perpendicularly to the fractionation axis show the location of the Iurt icular

fraction from which the corresponding precipitating antibody had diffused.

The investigations showed that in horse antisera to type A botulinum toixin the

precipitating antibodies were attached to the same protein fractions as the antitoxic

antibodies.
The subsequent stage of the work wis devoted to a study of fractions pr.sent in the

proteins of usual type A toxins as compared with those found in cellophane toxins and

in the nutrient medium from which the toxin was prepared. Four protein fractions were

found in the nutrient medium. In crude usual and cellophane toxins we were able to

differentiate 5 protein fractions, 2 of which had a positive charge and 3 a negative
charge. In toxins prepared in cellophane sacs, fractions with negative electric charge

which possess the lowest electrophoretic mobility (0.06 x 10- cm2 volt-1 .sec-1), were

predominant in quantity; it was these fractions which carried the bulk of the toxic

principle as had been shown by the study of separate, fractions by preparative paper

electrophoresis. It was found by paper electrophoresis that purification and concentra-

tion of the experimental cellophane toxins led to a more complete elimination of inert

fractions and to a higher concentration of fractions carrying the bulk of the toxic

principle than purification and concentration of the usual toxins.

We further studied the question of the use of cellophane toxoid as antigen for active

immunization. In experimentr in which toxin was inactivated by formalin we had shown

that type A toxins prepared in cellophane sacs were rendered completely non.toxic by

the addition of 0.6 per cent of formalin for 14-15 days; if 0.4 per cent of formalin were

used the process lasted 25-30 (lays. Approximately the same times were needed to inacti-

vate the usual toxins, although these contained much less of the specific toxic principle

,1 than the cellophane toxins. The toxoids prepared from the latter were 5-11 times (on an

average 7 times) more active from an antigenic point of view than the ,isual toxins

and contained 320-350 FU (fixation unit) compared with 40-60 FU in the usual toxins.

In regard to their total and amino nitrogen content the cellophane toxoid were approxi-

mately twice as pure as the usual toxoids. Calculation of the FU content per mg N

showed that their purity was 14 times higher than that of the usual toxoids. They have

a high flocculating capacity and flocculate within 90-115 min, whereas the usual toxoids

did not flocculate under the same experimental conditions. The immunogenic properties

of the toxoids were studied in experiments on the immunization of mice and guinea-pigs.

Two immunizing injections with cellophane toxoid produced a higher degree of immunity

in mice thrn the usual toxoid. The guinea-pigs were immunized with 1, 2, 3 and 4

injections ,%; It both types of toxoids containing an equal dose of FU per ml. It appeared

from these experiments that the cellophane toxoids were 2-4 times more immunogenic

than the usual toxoids.
Adsorption of cellophane toxoids onto aluminium phosphate increased their

immunogenic activity about 7-8 times.
S. ~ Oe*rbtudiesthqwelhbw that the production of type A bolulimmt toxins in cellophane

sacs is practicable, economical and of great practical importance.
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The met hod of fractionat ion by paper clcctrophorcsim,' preparative clectrophoremin,
immnuno-electrophoresis And precipitation by diffusion in agar applied to a "tudy of
the fractions and antigenic structure of toxins, toxoids and Antitoxins, and alno to
estahlisih the role of each meparatc fraction, will bc of ansisttance in establishing the require.
nientm which preparations of the highest quality should comply with, and in dcvining
the most rational method for the purification and concentration of antigens and anti-

CONCLUSIONS
(1) 01'. bot tiin un type A toxins prepared by cultivation in cellophane sacs are of

much higher act ivity t han toxins formed under the usual cultural conditions; they con-
tain less inert protein and possems a greater capacity for flocculation.

(2) 11) p~recip~itationl in agar 15 antigenic fractions could be differentiated in the usgual
* type A hotIidjinuml toxins an(1 14 in thc cellophane toxins. The number of antigenic

fractions (lepen(1s on the batch of antiserum and also on the methods used for purifica-
tion and~ concen tration.

(3) Fractionation by preparative electrophoremis on filter paper has shown that in
crude horse antisera to type A Woulinum toxin the antitoxic antibodies are mainly carried
by the T-gobulin fraction, and also a certain part of the antitoxin is found in the A. and
y-gloloulin fractions; in sera purified and concentrated by comblined dialysis the antitoxic
antibodies are attached to the y-globulin and to a lesser extent to the A-globulin fraction;
in sera. purified and conntrated by thie Diapherm method the bulk of the antitoxin
is attachud to the main iraction. In type A bobidinum antisera the precipitating anti.
bodies arc found in the same fractions as the antitoxic antibodies.

(4) In type A bolulinum toxins 5 protein fractions can be differentiated, only one of
I'which carries the bulk of the toxic principle; it is this fraction which predominates in

toxins prepared in cellophane sacs; purification and concentration of theme toxins
leads to a more complete elimination of inert fractions and to a higher concentration
of the fraction carrying the bulk of the toxic principle than purification and concentra-
tion of the usual toxins.

(5) Type A boulinum toxins prepared in cellophane sacs are easily inactivated by
formalin and the toxoid thus obtained is of higher activity than the usual toxoids in
regard to its antigenic as well as its immunogenic properties.

Translatfed by F. S. FIRRISnXoz

BAITS ONTAINING ORGANOPHOSP RUS
INSECTICI FOR USE AGAINST H- SE-F.'ES*

Tim aim of our work was to make a .ral study of the n Russian insecticides of the
organophomphorus group, chiorop ,diazinon and carboph . hich are Intended for
ume against flies in the places ere they swarm and breed. We chiorophos as a
liquid solution and diazino nd carbophos as an emulsion; molaew . crude treaee
"IseVe as the bait.
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